23 Toxoplasma gondii possesses an armada of secreted virulent factors that enable 24 parasite invasion and survival into host cells. These factors are contained in specific 25 secretory organelles, the rhoptries, micronemes and dense granules that release their 26 content upon host cell recognition. Dense granules are secreted in a constitutive 27 manner during parasite replication and play a crucial role in modulating host 28 metabolic and immune responses. While the molecular mechanisms triggering rhoptry 29 and microneme release upon host cell adhesion have been well studied, constitutive 30 secretion remains a poorly explored aspect of T. gondii vesicular trafficking. Here, we 31 investigated the role of the small GTPase Rab11A, a known regulator of exocytosis in 32 eukaryotic cells. Our data revealed an essential role of Rab11A in promoting the 33 cytoskeleton driven transport of DG and the release of their content into the vacuolar 34 space. Rab11A also regulates transmembrane protein trafficking and localization 2 35 during parasite replication, indicating a broader role of Rab11A in cargo exocytosis at 36 the plasma membrane. Moreover, we found that Rab11A also regulates extracellular 37 parasite motility and adhesion to host cells. In line with these findings, MIC2
transmembrane protein delivery at the parasite PM. We also unraveled a novel role 105 for Rab11A in extracellular parasite adhesion and motility, thereby contributing to 106 host cell invasion.
107
108 Results
110
Rab11A localizes to dynamic cytoplasmic vesicles 111
To investigate T. gondii Rab11A localization, we raised a polyclonal antibody in 112 mice, which recognized a unique protein at the expected size of 25kDa in a total 113 extract of type I RHKu80 parasites ( Fig 1A) . Next, we performed 114 immunofluorescence assays (IFA) in fixed RHKu80 tachyzoites. Rab11A displays 115 distinct localizations depending on the cell cycle stage. During the G1 phase, Rab11A
116 is localized in cytoplasmic vesicles and as previously described [27] , a signal was also 117 detected at the Golgi/Endosome-Like Compartment (ELC) area ( Fig 1B) . During Rab11A-dependent transport of newly synthesized material between these two 122 locations. Rab11A also accumulates at the basal pole of the parasite both during the 123 G1 phase and cytokinesis ( Fig 1B) . In order to get further insights into the dynamic 124 localization of Rab11A, we used the previously established transgenic ddFKBP-myc- Movie SM3) . Interestingly, we also noticed Rab11A-positive 137 dynamic vesicles and tubular structures in the residual body region (Fig 1C, RB) . This 138 region has been recently described to harbor a dense actino-myosin network that 139 interconnects the intracellular dividing tachyzoites [6] [7] , suggesting that Rab11A 
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In order to explore dense granule dynamics in relation to Rab11A, we expressed 171 SAG1GPI-GFP in mcherryRab11A-WT parasites. Using live imaging, we 172 confirmed that the DG content was efficiently released as illustrated by the 173 localization of the GFP signal into the vacuolar space (Fig 2A) . The GFP-positive
174
DGs detected in the parasite cytosol displayed a significant and dynamic co- mcherryRab11A-positive vesicles are closely apposed (Fig 2A and 2B ). This is also 180 clearly visualized in the movie SM7 ( Fig 2D) , in which a DG appeared docked onto a
181
Rab11A-positive vesicle, the latter being anchored at the periphery of the parasite, and SM9) and fitted the recorded xy positions over time using mathematical models 185 of "directed" or "diffusive" motion (see M&M) [32] . We confirmed that the DG 186 trajectory 2 is consistent with a "directed" motion (fitted curve, Fig 2F) 
199
By WB, we confirmed that both Rab11A-WT and Rab11A-DN proteins were 200 expressed in similar amounts after 4 h induction with Shield-1 ( Fig 3A) . First, we 7 201 monitored DG release in fixed Rab11A-WT and Rab11A-DN intracellular tachyzoites 202 following gentle saponin permeabilization, which improved detection of secreted
203
GRA proteins localized in the vacuolar space and at the PVM. To rule out any 204 indirect effect of the previously described cytokinesis defect on DG secretion in 205
Rab11A-DN parasites [27], we pre-treated freshly egressed extracellular tachyzoites 206 for 1 h with Shield-1 before seeding them on a fibroblast monolayer and analyzed DG 207 secretion 2h and 4h after parasite invasion ( Fig 3B) . Our data revealed a highly Fig 1B) .
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To further analyze the role of Rab11A in DG secretion, we also expressed 216 SAG1GPI-GFP in mcherryRab11A-DN parasites. In contrast to Rab11A-WT 217 parasites, Rab11A-DN parasites were drastically impaired in their ability to release 218 SAGGPI-GFP into the PV space ( Fig 3D) . Consequently, DGs were densely packed were retained in intracellular vesicles and were no longer delivered to the parasite PM 259 ( Fig 3H) . In addition, we took advantage of the impaired exocytosis activity in 260
Rab11A-DN parasites to study whether different populations of secretory vesicles 261 may co-exist during parasite replication. Co-localization studies in fixed parasites 262 showed that ROM4 and GRA3 partially co-localize but were also detected in distinct 263 vesicular compartments both immediately after parasite invasion when de novo 264 synthesis of DG proteins occurs and also after the first division cycle (Suppl. Fig 1C) .
265
This may reflect a distinct timing of protein synthesis and vesicle release from the 266 Golgi to the PM but it also suggests the existence of different regulatory pathways for 267 the trafficking of protein localized at the PM versus proteins secreted into the 9 268 vacuolar space. In particular, transmembrane proteins may be actively recycled during 269 parasite division as suggested in a previous study on the retromer subunit TgVPS35
270
[37] and more recently during extracellular parasite motility [38] . Thus, our data 271 indicate a broader role of Rab11A-mediated exocytosis for the delivery of proteins at 272 the PM and for the release of DG proteins into the vacuolar space during parasite 273 replication.
274
Importantly, unlike GRA protein secretion, DG biogenesis was not impaired in
275
Rab11A-DN parasites as assessed by transmission electron microscopy (Fig 4) . In we treated extracellular Rab11A-WT and -DN parasites with Shield-1 for 2 h before 285 monitoring their ability to adhere to host cells. We found that Rab11A-DN 286 tachyzoites were severely impaired in their surface attachment to human fibroblast 287 (HFF) monolayers compared to Rab11A-WT parasites ( Fig 5A) . Furthermore,
288
parasites that successfully adhered exhibited a strong defect in motility as quantified 289 by the percentage of parasites displaying a SAG1-positive trail deposit ( Fig 5B) .
290
Importantly, compared to Rab11A-WT parasites, the morphology of adherent motile 291 Rab11A-DN parasites was altered, the latter being wider and shorter, losing their 292 typical arc shape ( Fig 5C) . Analysis of individual parasites imaged by Scanning EM 293 (n=70 for WT and DN) confirmed that Rab11A-DN parasites display a significant 294 increase in their circularity and accordingly, a decrease in their aspect ratio (AR:
295 major axis/minor axis) ( Fig 5C) . However, the apical conoid with the emerging 296 microtubule array could be visualized, suggesting no defect in the establishment of 297 parasite polarity ( Fig 5C) . An impaired recruitment of late glideosome components at 298 the daughter cell buds has been previously reported in dividing Rab11A-DN parasites
299
[27] and could account for the motility defect. However, we induced Rab11A-DN 300 protein expression in non-dividing extracellular parasites and accordingly we did not 301 observe any significant defect in the localization of GAP45 and Myosin Light Chain 1 10 302 (MLC1) at the parasite cortex of extracellular parasites (Suppl. Fig 2) . This indicates 303 that the morphological defect observed in Rab11A-DN parasites is not correlated with 304 a significant perturbation of glideosome component localization.
305
The microneme protein MIC2, a transmembrane protein released at the PM of the displayed only a mild defect in host cell invasion ( Fig 5F) . This was supported by the 330 observation of a correctly formed RON4-positive junction by invading Rab11A-DN 331 parasites ( Fig 5F) .
332
Collectively, our results demonstrate that Rab11A promotes parasite invasion by Fig 7A) and during host 360 cell invasion ( Fig 7B) . Rab11A-positive vesicles towards two main foci located just beneath the conoïd,
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where the IMC interrupts. This is consistent with a mechanism of "regulated" 
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The membrane was blocked with 5% milk (non-fat milk powder dissolved in TNT 544 buffer: 100mM Tris pH8.0, 150mM NaCl and 0.1% Tween20) and probed with the 545 indicated primary antibodies followed by species-specific secondary antibodies 546 conjugated with HRP. The probed nitrocellulose membranes were visualized using 547 the ECL Western blotting substrate (Pierce).
549
Immunofluorescence assay
550
Confluent HFF monolayers were grown on coverslips and infected with parasites 551 prior to fixing with 4 % PFA for 15 min. After quenching with 50mM NH 4 Cl, the 552 coverslips were permeabilized with 0.2% triton dissolved in 5% FBS-PBS for 30 min.
553
Coverslips were incubated with primary antibodies in 0.1% triton dissolved in 2%
554
FBS-PBS and then washed thrice with 1X PBS. Alternatively, the coverslips were 555 incubated with primary antibodies in 0.01% Saponin diluted in 2%FBS-PBS for 1 h.
556
Incubation with secondary antibodies was performed in 0.1% triton or 0.01% Saponin 557 dissolved in 2%FBS-PBS for 30 min. To label invading parasites, freshly egressed 558 extracellular parasites expressing Rab11A-WT and Rab11A-DN were induced with 559 Shield-1 for 2 h and seeded onto HFF monolayers in a 24-well plate at a concentration 560 of 2*10 6 parasites (Rab11A-WT) and 4*10 6 (Rab11A-DN) /500µl complete medium 561 containing Shield-1 per coverslip. The plate was centrifuged for 2 min at 1000rpm at 562 room temperature to trigger adhesion and synchronized invasion events. The plate 563 was immediately shifted to a water bath at 37°C and the parasites were fixed with 4%
564
PFA-sucrose at the following time points -0, 2 and 5 min. Coverslips were washed 565 with PBS and adherent or invading parasites labeled without permeabilization with 566 the anti-SAG1 antibody and a secondary anti-mouse AlexaFluor405 antibody. After
567
washing with PBS, parasites were permeabilized with 0.05% saponin for 10 min, 1000rpm at RT to trigger immediate adhesion and synchronized invasion events.
588
Parasites were then shifted to 37°C for 45min. The slips were washed with PBS -589 three times prior to fixation. Cells were fixed in 4% PFA for 10 min and subjected to 590 a red/green invasion assay. Briefly, adherent external parasites were labeled without 591 permeabilization with mouse anti-TgSAG1 antibodies, followed by secondary anti- 
